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ABSTRACT
Introduction Recent evaluations of IT innovations
in primary care have highlighted variations between
centres and practices in uptake and use. We eval-
uated whether structural characteristics of a general
practice were associated with variations in use of a
web-based clinical information system underpinning
a Managed Clinical Network in diabetes, between
the years 2001 and 2003.
Methods Using a computerised audit trail, we
calculated the numbers of web-based operations
that occurred in each practice, stratiﬁed by staﬀ type
and year, and adjusted for the numbers of registered
diabetic patients. In regression analyses, we deter-
mined whether total use was associated with struc-
tural characteristics of the practice (total list size,
training status, numbers of GPs (general prac-
titioners), mean age of the GPs, numbers of female
GPs, level of deprivation of the population and
whether staﬀ had received advanced training in
diabetes care).
Results Initially there were a few practices which
made very frequent use of the information system,
with relatively high numbers of practices using the
facility infrequently. However, overall use gradually
became more evenly spread. This eﬀect was par-
ticularly evident among nurse users. Frequent use by
GPswas evident in only a small number of practices,
withmeanGPuse decreasing over the three years. In
linear regression analyses, none of the general practice
variableswere associatedwith online use, either overall
or stratiﬁed by staﬀ type, except for the numbers of
diabetes-educated staﬀ. This was consistently asso-
ciated with increased use by nurses and GPs.
Conclusions The analyses show that structural
characteristics of a practice are not associated with
uptake of a new IT facility, but that its use may be
inﬂuenced by post-graduate education in the rele-
vant clinical condition. For this diabetes system at
least, practice nurse use was critical in spreading
uptake beyond initial GP enthusiasts and for sus-
tained and rising use in subsequent years.
Keywords: general practice, information technol-
ogy, web-based clinical information system
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Introduction
Recent evaluations of IT innovations in primary care
have all highlighted the variations between centres and
practices in uptake and use.1,2,3 Factors that might
inﬂuence this variability include local history and culture
of adoption, perceptions of the relative beneﬁts and
challenges of the new technology compared to existing
practice, ease of use, conﬁdentiality and security con-
cerns and the time, training and resources available to
ensure eﬀective implementation. Variations between
diﬀerent staﬀ groups have also been observed.4 How-
ever, to our knowledge, there has been no investigation
into whether general practice characteristics might
inﬂuence IT uptake in primary care. Such factors have
been shown to be associated with other important out-
comes and are easily measured. For example, training
status has been associated with quality of prescribing5
and training practices, group practices and less socially
deprived practices were associated with higher scores
in the Quality and Outcomes Framework (QOF).6
In Scotland, the 1998 Scottish Acute Services Re-
view led to the development of Managed Clinical
Networks (MCNs), deﬁned as ‘linked groups of health
professionals and organisations from primary, sec-
ondary and tertiary care, working in a co-ordinated
manner to ensure equitable provision of high quality
clinically eﬀective services’.7 In Tayside, Scotland, a
region with a population of approximately 400 000
that is served by 74 general practices and three acute
hospitals, anMCN for diabetes care is well established.
AnMCNco-ordinator was appointed inOctober 1999
to facilitate network activity and take operational
responsibility.
The MCN is underpinned by a web-based diabetes
clinical information system which incorporates shared
electronic health records across sectoral and profes-
sional boundaries within theNHS intranet (with appro-
priate security), as well as evidence-based medicine
sources (e.g. electronic guidelines), patient leaﬂets and
contact information for patients and professionals.
Development of the service built upon an existing
well-validated electronic clinical dataset designed for
the purposes of research and audit.8 There is a common
data set across primary and secondary care, that includes
every episode of care, to which all diabetes clinicians
have access. The electronic data includes biochemical
information (going back 11 years), digital retinal images,
cardiovascular screening data and foot screening. Given
the importance ofmaintaining a strict security policy,9
access is restricted to healthcare professionals with
password-protected access to ensure conﬁdentiality.
General practices in Tayside were oﬀered use of this
online clinical information facility from November
2000. Introductory workshops were arranged for each
practice, to which GPs and practice nurses were invited
for them to be introduced to the facility. In this study,
we examined subsequent use over a three-year period
among three groups of primary care professionals.
We were particularly interested in whether structural
characteristics of the general practice might explain
some of the variation in use that was observed.
Methods
For 70 general practices in Tayside, we calculated the
total number of web-based operations that had oc-
curred since the clinical information facility went live.
We used an audit trail for this (records showing all the
operations performed by speciﬁc users over the time
period). Forty-three practices went online in November
2000 and we adjusted the ﬁgures for those that went
online in subsequent months to give an annual rate.
For each practice we calculated a summarymeasure of
use for each year, that is, the total number of oper-
ations divided by the total number of patients with
type 1 or type 2 diabetes registered within the practice
for that year.We also calculated this measure for three
categories of practice staﬀ: administrative staﬀ, prac-
tice nurses and GPs.
We collated information on the structural charac-
teristics of each general practice. The variables included
whether the practice had training status, total list size,
total number of whole time equivalent (wte)GPs, total
number of female GPs, average age of the GPs and a
practice deprivation score (derived from the Scottish
Index of Multiple Deprivation).10 We also obtained
information on the number of GPs in the practice (for
63 practices) and the number of nurses (for 70 prac-
tices) who had at any time completed a University-
based advanced education programme on diabetes
care (Certiﬁcate in Diabetes Care). These staﬀ mem-
bers are referred to as ‘diabetes-educated’.
To determine which of the above variables were
associated with total online use in each general prac-
tice (total number of operations per patient per year),
we carried out linear regression analyses with total
online use as the dependent variable. For each year
separately, we tested whether each variable was asso-
ciated with online use in a univariate analysis. If a
variable was statistically signiﬁcant at the P<0.1 level
it was included in amultivariatemodel. (If the number
of diabetes-educated GPs and the number of diabetes-
educated nurses were both statistically signiﬁcant, we
used the total number of diabetes-educated staﬀ in the
ﬁnal model.) The ﬁnal multivariate regression model
was adjusted for all the variables simultaneously to
estimate the independent eﬀect of each variable.
Do general practice characteristics inﬂuence uptake of an IT innovation in primary care? 5
These analyses were repeated using GPs’ online use
and nurses’ use for each of the three years. Analyses
were carried out using SPSS.
Results
Table 1 summarises overall online use for the three
years, also stratiﬁed by staﬀ group. The data suggest
that initially there were relatively high numbers of
practices using the facility infrequently (indicated by a
low median), with a few practices who were very
frequent users (indicated by a higher mean). The
diminishing diﬀerence between median and mean
suggests that overall use then became more evenly
spread. Analysis by staﬀ group reveals that this eﬀect
was particularly evident for nurses. In fact, frequent
use by GPs was observed for only a small number of
practices, with a very low median for all three years.
Mean GP use decreased over the three years, sug-
gesting that the very frequent GP users gradually used
the facility less.
In univariate analyses, none of the general practice
variables of total list size, training status, total number
of wte GPs, number of female GPs and average age of
the GPs was associated with total online use, or with
GP and nurses’ use at a signiﬁcance level of P<0.1
(these results are not shown). However, there was an
association between total online use and the number
of diabetes-educated nurses in 2001 and 2003, and for
the total number of diabetes-educated staﬀ in 2002.
Table 2 presents the multivariate results for the vari-
ables that were signiﬁcant in the univariate models.
Although in univariate analysis there was an associ-
ation between greater deprivation of the practice and
lower online use in 2001 and 2002, after adjusting for
the other variables in the multivariate model this was
only evident in 2001.
There was an association between total GP use and
the number of diabetes-educated GPs in the practice
that was stronger in the later years (Table 3). The
association observed for deprivation and total GP use
univariately was no longer signiﬁcant in themultivariate
models. Table 4 shows a similar eﬀect of education,
with a trend for the number of diabetes-educated
nurses in the practice associated with total nurses’
online use every year.
Discussion
There was wide variation in the extent to which the
online system was used in diﬀerent general practices,
with increasing use over the three-year study period.
Table 1 Summaries of numbers of online operations per patient, by year and staﬀ group
2001 2002 2003
All online use
Range 0.1–24.8 0.1–20.4 0.1–30.6
Inter-quartile range 1.3–7.2 2.8–8.9 4.8–9.8
Median 3.9 5.5 7.5
Mean 5.5 6.3 8.0
GPs’ use
Range 0–19.5 0–14.3 0–15.8
Inter-quartile range 0–2.4 0–2.4 0–2.1
Median 0.4 0.2 0.2
Mean 2.5 1.7 1.9
Nurses’ use
Range 0–11.3 0–14.1 0–15.9
Inter-quartile range 0–2.1 0.4–4.2 0.9–6.8
Median 0.4 2.2 3.6
Mean 1.7 2.9 4.1
Admin use
Range 0–8.0 0–10.9 0–8.7
Inter-quartile range 0.2–0.9 0.1–1.0 0.1–1.6
Median 0.4 0.4 0.5
Mean 1.0 1.3 1.4
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GPs were initially the most frequent users overall,
although a high proportion of GP use was by a
relatively small number of enthusiasts. The training
workshops initially put on in practices were attended
mainly by GPs, so their early interest is not surprising.
GP use then declined as practice nurses’ use increased,
until they became the most frequent users. Practice
nurse use was also much more consistent across
Table 2 Results of linear regression analyses using total online use as dependent variable
Total use 2001 Total use 2002 Total use 2003
Co-eﬃcienta
(SE)
P value Co-eﬃcient
(SE)
P value Co-eﬃcient
(SE)
P value
Univariate
No. of diabetes-
educated GPs
1.96 (1.20) 0.11 2.46 (0.94) 0.01 1.53 (1.10) 0.17
No. of diabetes-
educated nurses
2.74 (1.23) 0.03 2.37 (0.97) 0.02 2.41 (1.10) 0.03
No. of diabetes-
educated staﬀ
0.80 (0.63) 0.21 1.44 (0.54) 0.01 1.05 (0.64) 0.11
Deprivation –0.13 (0.06) 0.03 –0.09 (0.05) 0.09 –0.02 (0.06) 0.70
Multivariate (ﬁnal
adjusted model)b
No. of diabetes-
educated GPs
– – – – – –
No. of diabetes-
educated nurses
2.65 (1.20) 0.03 – – 2.41 (1.10) 0.03
No. of diabetes-
educated staﬀ
– – 1.45 (0.53) 0.01 – –
Deprivation –0.13 (0.06) 0.04 –0.08 (0.05) 0.13 – –
aRegression co-eﬃcient (with standard error) indicates the direction and strength of the association between the variable and online use.
bOnly includes variables that were statistically signiﬁcant in univariate analysis at P<0.1. Multivariate model adjusts for all variables.
Table 3 Results of linear regression analyses using GP online use as dependent variable
GP use 2001 GP use 2002 GP use 2003
Co-eﬃcienta
(SE)
P value Co-eﬃcient
(SE)
P value Co-eﬃcient
(SE)
P value
Univariate
No of diabetes-
educated GPs
1.79 (1.01) 0.08 1.54 (0.65) 0.02 1.68 (0.72) 0.02
Deprivation –0.10 (0.05) 0.04 –0.07 (0.03) 0.03 –0.07 (0.04) 0.05
Multivariate (ﬁnal
adjusted model)b
No of diabetes-
educated GPs
1.43 (1.04) 0.19 1.29 (0.67) 0.06 1.44 (0.75) 0.06
Deprivation –0.08 (0.06) 0.18 –0.05 (0.04) 0.16 –0.05 (0.04) 0.23
aRegression co-eﬃcient (with standard error) indicates the direction and strength of the association between the variable and online use.
bOnly includes variables that were statistically signiﬁcant in univariate analysis at P<0.1. Multivariate model adjusts for all variables.
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practices. It is notable that the spreading use of the
online facility acrossmany practices was largely driven
by nurses. This may reﬂect the increasing role of
nurses in diabetes care over this period, or indicate
that the online facility catered particularly for the role
that nurses take in diabetes care. However, under-
standing the reasons for diﬀering IT practices between
professional groups would require a much deeper
understanding of their professional cultures and also
of the perceived beneﬁts and challenges to them of any
innovation. It has been suggested that nurses who are
seeking more responsibility need to be seen to be
embracing new technologies, while GPs can aﬀord to
be more selective, engaging only with those that are of
direct beneﬁt to them.11
None of the structural general practice character-
istics were associated with online use. Use was no less
frequent among practices with older GPs, and this is
consistent with a study showing that doctors who
graduated before the ‘computer age’ did not have
additional computer training needs compared with
younger doctors.12 The size of the practice (in terms of
list size and number of GPs) was also not associated
with online use.
The most powerful inﬂuence on use of the online
facility appeared to be whether staﬀ had received
advanced education in diabetes care. This wasmeasured
by whether GPs or practice nurses had completed a
university-based education module in diabetes care,
requiring a considerable amount of time and eﬀort. It
may be that GPs who complete this course have a
personal interest in diabetes. Given that the associ-
ation between diabetes education and GP use was
evident for the later years, it is likely that these are the
GPs who continue using the online facility regularly,
rather than delegating responsibility to nurses. In a
qualitative study of GPs’ use of epilepsy guidelines,
having a personal interest in a topic was recognised
as inﬂuencing GP behaviour.13 A similar eﬀect was
observed for the nurses in this study. The increase in
use of the facility by diabetes-educated nursesmay due
either to a personal interest in diabetes or to these
nurses having developedmore conﬁdence in taking an
active role in diabetes care and management.
Greater socioeconomic deprivation of the practice
was associated with lower rates of GPs’ online use in
the univariate models, but this was no longer signiﬁ-
cant after adjusting for diabetes education. This could
be explained by there being fewer diabetes-educated
GPs in more deprived practices. Although increased
primary care contacts have been reported in more
socially deprived populations,14 we have found no
studies that have investigated GPs’ training needs
and opportunities by deprivation of the catchment
population. This may be worthy of further investi-
gation.
The strength of this study was that it was carried out
among virtually all general practices in Tayside and
used a computerised audit trail to monitor staﬀ use of
an online clinical information facility. This facility was
collaboratively designed by primary and secondary care
clinicians in the early years of developing a diabetes
clinical network and had enthusiastic local champions.
Comprehensive in-practice training in the system was
provided to every practice, with user-informed evalu-
ation carried out during the early stages of develop-
ment.15,16 As a result, the system has been well used
overall and has become integrated both into routine
Table 4 Results of linear regression analyses using nurses’ online use as dependent variable
Nurse use 2001 Nurse use 2002 Nurse use 2003
Co-eﬃcienta
(SE)
P value Co-eﬃcient
(SE)
P value Co-eﬃcient
(SE)
P value
Univariate
No of diabetes-
educated nurses
1.21 (0.59) 0.04 1.45 (0.70) 0.04 1.50 (0.81) 0.07
Training status –1.13 (0.65) 0.09 –1.19 (0.78) 0.13 –0.80 (0.91) 0.38
Multivariate (ﬁnal
adjusted model)b
No of diabetes-
educated nurses
1.30 (0.58) 0.05 1.45 (0.70) 0.04 1.50 (0.81) 0.07
Training status –1.29 (0.64) 0.03 – – – –
aRegression co-eﬃcient (with standard error) indicates the direction and strength of the association between the variable and online use.
bOnly includes variables that were statistically signiﬁcant in univariate analysis at P< 0.1. Multivariate model adjusts for all variables.
J Evans, B Guthrie, C Pagliari et al8
care in the hospital and inmany (but not all) practices.
Under these circumstances, the analysis shows that
structural characteristics of a practice are not associated
with uptake of a new IT facility, but that use may be
inﬂuenced by postgraduate education in the clinical
condition which the system is addressing. For this
diabetes system at least, practice nurse use was critical
in spreading uptake beyond initial GP enthusiasts and
for sustained and rising use in subsequent years.
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